Sulfuric acid is commonly used to hydrolyze cellulosic materials to produce sugars (1) . Sulfuric acid was also used in pretreating wood (6) and grass straw (2) for preparation as animal feeds. However, palatability of such treated straw was low, likely because of its high concentrations of sulfate. Thus, we undertook to compare the effects of various concentrations of H2SO4, HCI, and H3P04 on sugar production during straw hydrolysis and on the fernentability and palatability of the treated straw. RESULTS AND DISCUSSION Table 1 shows the levels of sugar produced by hydrolysis of straw with different acids. Sugar production was greatest with HCI and lowest with H3PO4. Hydrolysis with 0.5 N H3PO4 released no more sugar than that with steam. Chromatographic analyses showed that the sugars produced from ryegrass straw hydrolysis with these acids were mostly xylose, glucose, and mannose and were derived from the hemicellulose portion of the straw. (11) . This matter is lost when straw is treated by soaking in acid solution that is a common method of treatment (3). Consequently, the digestibility of such acid-treated straw is reduced compared with the untreated control. The acid treatment method that we used (mixing straw with a minimal amount of acid) saved all of the soluble cellular matter that is produced by acid hydrolysis and made it available for subsequent microbial fermentation.
MATERIALS AND METHODS
Fermentability of straw in terms of the degree of microbial growth and in vitro rumen digestibility is shown in Table 3 . Level of cell growth on acid-treated straw ranged from 6.1 x 10' to 3.5 x 109 cells per g of dry straw and generally correlated with the concentration of sugar up to a certain point (Fig. 1) . Maximum cell yield was obtained on straw treated with a combination of 0.23 N HCl and 0.15 N H3PO4, which contained 0.25 g of sugar per g of straw. Cell yield declined beyond that concentration, probably due to high concentration of degradation products of monomeric sugars, such as furfural or other resinous materials. These materials were known to be toxic to microbial and animal growth (7). C. utilis did not grow on straw that was treated with 0.5 N HCl, but grew well on straw treated with 0.26 N HCl. Mild acid (0.5 N H3PO4) or even steam treatment produced enough sugar to support yeast growth on straw. Yeast, however, did not grow on unsteamed straw.
The in vitro rumen digestibilities of all the acid-treated straws were not significantly different at P < 0.05, but that of the H3PO4-treated sample was significantly less at P < 0.1 than the other samples.
Acceptability of palatability of the acidtreated straw was determined with meadow voles (M. canicaudus) and was greatest when the acid was H3PO4 in trial 1 and a combination of HCl and H3PO4 in trial 2 (Table 4) . In a freechoice feeding trial with four different diets, the voles consumed about 4.3 times as much H2SO4-and HCl-treated straws and about 14.6 times as much H3PO4-treated straw as untreated straw. In trial 1, the consumption of H3PO4-treated straw was about 60% of the total feed consumed.
Because HCl released the most sugar and H3PO4 produced the most palatable product, in trial 2 we included straw that was treated with the combination of 0.23 N HCl and 0.15 N H3PO4 and straw that was treated with this combination of acid and then fermented with A. pullulans. Based on published dissociation constants (12), 0.26 N hydrochloric acid should produce the same level of hydrogen ion concentration (pH 0.59) as that obtained by 0.5 N H2SO4. However, when one part of straw was mixed with three parts of 0.26 N HCl, the pH rose to 2.0. The same pH was also obtained by mixing one part of straw with three parts of a combi- A. pullulans grew well on straw hydrolysate, and its use in production of single-cell protein has been advocated (4). Among the four diets, the voles preferred the fermented straw most, with it comprising about 65% of the total feed intake. Even though the straw treated with HCl-H3P04 was quite acceptable to the voles, the consumption in trial 2 was low, probably because of the presence of the more preferred fermented straw. Thus, the palatability of the acid-treated straw was further increased by fermenting with A. pullulans. The voles are herbivorous animals capable of gastric and cecal digestion of fiber. Therefore, the results may be indicative of the responses of ruminant animals to the acid-treated straws.
Combination of HCI and H3PO4 might be used advantageously in treating straw for the production of animal feed, because H3PO4 produces a highly palatable product and HCI produces a high level of sugar. Fermentation with a proper microorganism further increases the palatability of the acid-treated straw.
